Experimental Section
Characterizations. Scanning electron microscopy (SEM) analysis was carried out on a field emission Hitachi S4800 microscope (Japan). The high-resolution transmission electron microscopy (HRTEM) images were recorded by a FEI Tecnai G2 F20 S (USA) with an accelerating voltage of 200 kV. X-ray diffraction (XRD) analysis was performed on a Fangyuan DX-1000 powder X-ray diffractometer (China) with Cu Ka radiation at 40 kV. X-ray photoelectron spectra (XPS) were acquired with Kratos AXIS ULTRA DLD Photoelectron Spectroscope (UK) with element carbon as internal standard (binding energy at 284.6eV).
Electrochemical Measurements. Catalyst inks for electrochemical testing were prepared by adding 2 mg catalyst powders to a mixture of 500 μL distilled water / isopropyl alcohol (3:1, v/v) and 10μL Nafion solution (5% wt, Dupont, USA). After ultrasonical dispersion to homogeneous, 5μL fresh catalyst ink were cast onto a glassy ). s1-s3 In all measurements, we used Hg/HgO as the reference. It was calibrated with respect to reversible hydrogen electrode (RHE). The calibration was performed in the high purity H 2 saturated electrolyte with a Pt wire as the working electrode. CVs were run at a scan rate of 1 mV s
, and the average of the two potentials at which the current crossed zero was taken to be the thermodynamic potential for the hydrogen electrode reactions. Afterwards, two stainless steel boards for gas flow were utilized to press the anode and cathode, respectively. Pure hydrogen and oxygen humidified at 50 °C, were supplied to the anode and cathode at a flow rate of 200 mL min -1
Single Cell
.The polarization curves (I-V) were recorded by a Keithley 2400 source meter (USA).
Computation. The density function theory (DFT) calculations were performed through the Cambridge serial total package (CASTEP). The energies (E ad ) of oxygen adsorption on various catalyst models, which is the rate determining step (RDS) of ORR process, are used as criteria to evaluate catalysts' ORR activities. The crystal structures used in this study were acquired from The Inorganic Crystal Structure Database (ICSD). For simplifying the calculation, we studied the three adsorption modes on (200) 
